Introduction
The formation of a bipolar mitotic spindle is necessary to ensure the fidelity of chromosome segregation and hence to avoid the generation of aneuploid daughter cells, a hallmark of most solid tumors (reviewed by Kops et al., 2005; Weaver and Cleveland, 2006) . In somatic mammalian cells, spindle microtubules (MTs) are mainly nucleated and organized by centrosomes (see reviews by Doxsey, 2001; Luders and Stearns, 2007) . Several factors then contribute to establishing the spindle bipolarity (reviewed by Sharp et al., 2000; Gadde and Heald, 2004) . Abnormalities in the number and size of centrosomes are frequently observed in tumors, highlighting the importance of correct spindle pole formation for proper completion of cell division (see reviews by Fukasawa, 2006; Nigg, 2006) . Aurora-A is a centrosomal kinase with pleiotropic mitotic roles, including centrosome maturation, nuclear envelope breakdown (NEB), cyclin B1 activation, mitotic entry, centrosome separation, spindle pole formation and spindle checkpoint activity (reviewed by Marumoto et al., 2005; Barr and Gergely, 2007) . These different roles are presumed to be exerted through phosphorylation of specific substrates. In human cells, a direct role of Aurora-A in the organization of spindle pole MTs is emerging, independent of its role in centrosome maturation: specific defects, such as the appearance of extrapoles of the spindle, have been described following Aurora-A inactivation induced by (i) antibody microinjection (Marumoto et al., 2003) , (ii) kinase inhibitors or (iii) RNA interference (RNAi) (De Luca et al., 2006) . Aurora-A is thought to control MT organization, at least in part, by acting in a molecular pathway mediated by TACC (transforming acidic coiled-coil) proteins: Aurora-A phosphorylates the centrosomal protein TACC3 (Giet et al., 2002; Barros et al., 2005; Kinoshita et al., 2005; Peset et al., 2005) , which in turn regulates the MT-stabilizing factor ch-TOG (colonic hepatic tumor-overexpressed gene) (Lee et al., 2001; Gergely et al., 2003) , a crucial player in spindle pole organization (Gergely et al., 2003; Cassimeris and Morabito, 2004 ). Aurora-A, ch-TOG and TACC proteins are often aberrantly expressed in cancer cells, suggesting that deregulation of the pathway in which they act may be a step toward the onset and/or propagation of tumorigenesis. The observations that (a) Aurora-A is overexpressed in many tumor types (see reviews by Andrews, 2005; Giet et al., 2005) and (b) increased levels of the kinase induce mitotic defects in cultured cells, which may be relevant for tumor formation in vivo Anand et al., 2003) , have awakened a great interest in Aurora-A as a potential oncogene. In the last few years, therefore, many studies have focused on the development of small molecules with inhibitory activity toward Aurora-A, with the aim of targeting the kinase in anticancer therapies. Such compounds might prove useful as novel antitumor drugs and some are currently being experimented in clinical trials (for reviews, see Andrews, 2005; Agnese et al., 2007) . In light of the potential use of Aurora-A as a therapeutic target, it is important to investigate the effects of Aurora-A inactivation in human cells, with the dual aim to get an in-depth understanding of its mitotic roles and also to foresee possible unwanted side effects of therapeutic approaches that include Aurora-A inactivation.
We previously reported the mitotic phenotypes associated with RNAi-mediated inactivation of Aurora-A in human osteosarcoma cells, among which we noticed the formation of small extrapoles, in addition to the two main poles that define the main spindle axis (De Luca et al., 2006) . This abnormality represents a potential source of aneuploidy, as it can drive the segregation of unbalanced chromosome sets to more than two poles. We have now sought to get more insight into the formation of these extrapoles with the goal to understand how Aurora-A regulates the normal structure of spindle poles. We report that, in the absence of Aurora-A, extrapoles form through MT-mediated fragmentation of the pericentriolar material (PCM). Furthermore, the localization of both ch-TOG and its functional antagonist, the mitotic centromere-associated kinesin (MCAK), at spindle poles in mitotic cells lacking Aurora-A is altered, with increased levels of ch-TOG and decreased levels of MCAK. Finally, ch-TOG is required for the formation of extrapoles in Aurora-Adepleted cells. These results highlight a novel pathway of control of spindle pole integrity, with Aurora-A acting upstream of the MT regulators ch-TOG and MCAK; proper functioning of this pathway may contribute to ensuring the correct propagation of the genetic information into daughter cells at mitosis.
Results
Spindle acentriolar extrapoles form in prometaphase in Aurora-A-interfered cells Centrosomes are made of a pair of centrioles, surrounded by PCM, which anchors the molecules required for MT nucleation. As a first step to investigate the mechanisms of formation of spindle extrapoles in Aurora-A-depleted mitoses, we asked whether they originated from excess centrosomes generated during the preceding interphase. We found no significant difference in the frequency of interphase cells displaying supernumerary centrosomes (>2 g-tubulin foci) between Aurora-A-interfered (named Aurora-Ai) and control (named GL2i) cultures (2.5 versus 4.5%, n ¼ 400 per condition, from 2 experiments). We next analysed mitotic substages to investigate when the spindle poles defect arises. No prophase cell, defined by the presence of condensed chromosomes and an intact nuclear membrane (Lamin B1 staining), displayed more than 2 MT asters in Aurora-Ai cultures (Figure 1a , left panels and Table) . Among prometaphases, identified for presenting condensed chromosomes and no intact nuclear envelope, we observed spindle extrapoles in around 25% of Aurora-A-depleted cells (Figure 1a , right panels and Table) , indicating therefore that spindle extrapoles form after NEB. Analysis of g-tubulin organization (Figure 1a ) indicated that the PCM is also organized in extrafoci after NEB following Aurora-A RNAi. This places the timing of induction of supernumerary spindle poles after NEB in cells lacking Aurora-A. We also noticed that in Aurora-Ai prometaphases, spindles displaying extrapoles were of increased length (distance between the two major poles) compared with bipolar spindles in GL2i prometaphases (Figure 1d ). This was specific of Aurora-A-depleted mitoses with extrapoles, because the few spindles that occasionally formed extrapoles in control cultures displayed a normal spindle length. These data suggest that spindle pole fragmentation is accompanied by an abnormal interpolar distance in Aurora-A-depleted mitoses. Lengthened spindles were also observed in a fraction of Aurora-Ai mitotic figures, often with spindle extrapoles, displaying a characteristic distribution of chromosomes, spread along the major spindle axis (De Luca et al., 2006 and Supplementary Figure 1) . We wanted to ascertain whether these morphologically atypical figures were aberrantly elongated prometaphases or anaphases undergoing aberrant chromosome segregation. To distinguish between these two possibilities, we used an antibody against the passenger protein INCENP (inner centromeric protein), which has a temporally regulated pattern of localization during mitotic substages: it accumulates at kinetochores (KTs) until the meta/ anaphase transition, then detaches from KTs and accumulates at the cell equator, where the MTs reorganize the midbody (Supplementary Figure 1A , GL2i, compare upper and lower panels). We found that INCENP decorates the KTs of the abnormal mitotic figures in Aurora-A-depleted cultures (Supplementary Figure 1A , Aurora-Ai), indicating therefore that, despite their atypical morphology, they are actually prometaphases and not abnormal anaphases. Together, these results indicate that Aurora-A depletion influences prometaphase events and induces the appearance of supernumerary MT foci associated with abnormal spindle elogation (Figure 1 and Supplementary Figure  1) . To get more insight into the origin of these defects, we decided to accurately characterize the status of PCM (g-tubulin and pericentrin) as well as that of structural centrosomal components (centrioles, centrin staining) in spindles with extrapoles in Aurora-Ai cultures. We found that in 24% of Aurora-Ai prometa/metaphases (PM/M) with extrapoles, centriolar components were present in all poles, resulting from centriole splitting or overduplication ( Figure 1b , left and central panels, respectively). In the remaining 76% of PM/M displaying spindle extrapoles, instead, some poles were devoid of centrioles ( Figure 1b , right panels). All poles, however, were associated with g-tubulin and, in most cases (>80%), with pericentrin ( Figure 1c , more than 100 counted PM/M per condition, three experiments). We noticed that single PCM foci were smaller in Aurora-Ai with extrafoci compared with those of control cells, whereas the total PCM area was comparable in all cells ( Figure 1d and Supplementary Figure 2 ). These data indicate that supernumerary spindle poles induced by Aurora-A depletion originate from PCM fragmentation rather than from abnormalities in the centriolar/ centrosomal structure.
To gain insight into the mechanisms causing PCM fragmentation in Aurora-A-depleted prometaphases, we analysed PCM and MT organization in an MT depolymerization-regrowth assay. GL2i and Aurora-Ai cultures were incubated on ice for 60 min to completely depolymerize MTs and then rewarmed at 37 1C to allow MT regrowth. Ectopic g-tubulin foci were observed among ice-depolymerized PM/M lacking Aurora-A ( Figure 2a) ; 45 s after rewarming, more than the two canonical MT asters appeared in Aurora-Ai PM/M (Figure 2b ). These extra MT foci were not incorporated in the major spindle poles when the time of regrowth was prolonged to 2 or 5 min (Figure 2b ), but remained individual entities. Supernumerary MT asters always associated with g-tubulin (data not shown), but not necessarily with centrioles ( Figure 2c ). These results show that ectopic PCM foci, devoid of centrioles, form MTs are needed for spindle extrapole formation in Aurora-Ai mitoses Spindle bipolarity is established during prometaphase through a finely tuned balance of MT-mediated forces, which leads to centrosome separation, through the combined action of dynein motor protein and of kinesins (reviewed by Sharp et al., 2000; Gadde and Heald, 2004) . In addition, a balance between KTgenerated forces on spindle MTs and pole-focusing activities is required for bipolar spindles to form (Manning and Compton, 2007) . We hypothesized that an unbalance among these forces, possibly generating excessive pressure on centrosomes, is at the origin of the PCM fragmentation observed in Aurora-Ai prometaphases. To test this hypothesis, we treated control and Aurora-Ai cultures with nocodazole (NOC) for 16 h so as to allow cells to enter mitosis without MTs, and then analysed g-tubulin organization in PM/M by immunofluorescence (Figure 3a) . Control cultures showed very few PM/M displaying more than two g-tubulin foci before or after NOC treatment. In Aurora-Ai cultures, the high frequency of PM/M with more than two g-tubulin foci was significantly reduced after NOC treatment ( Figure 3a , compare with dimethylsulfoxide; Po0.001, w 2 test), indicating that the PCM fragmentation induced by Aurora-A RNAi is MT dependent. We next asked whether the abnormally elongated prometaphase configurations accompanied by chromosome spreading, described in Supplementary Figure 1 , are also MT dependent. To answer this question, we again employed NOC to induce MT depolymerization and quantified chromosome spreading in Aurora-Ai prometaphases with and without NOC treatment. We found that chromosome spreading did significantly decrease in NOC-treated Aurora-Ai prometaphases ( Figure 3b) ; therefore, MTs actively contribute to keep chromosomes disorganized in Aurora-Ai mitoses. Thus, both the unusually elongated prometaphases and the spindle extrapoles form in an MT-dependent manner in AuroraAi mitoses. This suggests the possibility that, in Aurora-A-depleted mitoses, abnormally attached chromosomes generate KT forces that are not balanced by adequate resistance at spindle poles, resulting in the loss of spindle pole integrity.
Aurora-A regulates the mitotic localization of ch-TOG and MCAK
The organization of spindle poles requires the motor protein dynein, which carries specific factors with poleorganizing activity to the MT minus ends, for example NuMA (nuclear mitotic apparatus protein) and TPX2 (targeting protein for Xklp2) (reviewed by Blagden and Glover, 2003) . We and others previously found that Aurora-A depletion does not affect TPX2 localization at spindle poles, which is apparently undistinguishable from that of control cells (Kufer et al., 2002; De Luca et al., 2006) ; therefore, the loss of spindle pole integrity does not reflect a low content of TPX2. We sought to establish whether Aurora-A depletion perturbs the localization of NuMA, but found that it was similarly not affected (Supplementary Figure 3) . Thus, downregulation of Aurora-A does not generally perturb dynein-dependent transport of major pole organizers.
We next analysed the distribution of MT-regulatory factors: ch-TOG, an MT-stabilizing factor, and its functional antagonist, the MT-depolymerizing kinesin MCAK (Cassimeris and Morabito, 2004; Holmfeldt et al., 2005) . In control PM/M, ch-TOG localizes at centrosomes and spindle pole MTs (Figures 4a and b,  GL2i) . In Aurora-Ai cultures, we observed an increased intensity (1.7-fold increase compared with control cells, Supplementary Figure 4 ) of ch-TOG signals at spindle poles in 16.7% of PM/M (n ¼ 390 from four experiments; Figures 4a and b, Aurora-Ai). Of those, the majority (78%, n ¼ 59 from three experiments) displayed spindle extrapoles (Figure 4b, arrowed) , suggesting a direct link between these defects. The abnormal accumulation of ch-TOG was evident on the two main poles, as determined by a-tubulin costaining, whereas its amount on the small extrapoles was comparable to that seen on poles of control cells (Figure 4b) .
We then analysed the distribution of MCAK. In control PM/M, MCAK localizes both at centromeres/ KTs and at spindle poles, as assessed by costaining the KT protein marker Hec-1 (highly expressed in cancer 1) or a-tubulin (Figures 5a and b, respectively, GL2i) . In Aurora-Ai cultures, the centromere/KT fraction of MCAK was normal (Figure 5a ), whereas the poleassociated fraction, identified by costaining with atubulin (Figure 5b ) or centrin (Figure 5c ), was not always clearly distinguishable. The decrease of MCAK signal at spindle poles (2.7-fold decrease compared with control cells, Supplementary Figure 4) was observed in roughly 25% of Aurora-Ai PM/M (Figures 5b and c) and in the majority (73%, n ¼ 52 from 3 experiments) of mitoses with spindle extrapoles, but also in cells with a bipolar spindle.
Aurora-A depletion does not affect the overall abundance of either ch-TOG or MCAK in mitotic cells ( Figure 4c) ; together, these results indicate that lack of Aurora-A specifically alters the localization of both, often in spindles displaying extrapoles, and induces ch-TOG excess at poles, not counteracted by MCAKdependent MT-depolymerizing activity.
ch-TOG is required for extrapole formation following Aurora-A RNAi
To assess whether ch-TOG excess at spindle poles facilitates PCM fragmentation and extrapole formation in Aurora-Ai mitoses, we simultaneously depleted Aurora-A and ch-TOG by RNAi (Figure 6a) . To avoid problems in the analysis due to the induction of spindle pole fragmentation that may follow ch-TOG RNAi (Gergely et al., 2003; Cassimeris and Morabito, 2004) , we chose a condition of ch-TOG RNAi (40 nM siRNA oligonucleotides) that yielded efficient ch-TOG depletion, accompanied by the presence of bipolar spindles in the majority of PM/M (Supplementary Figure 5) . As Aurora-A and spindle pole integrity M De Luca et al expected, around 25% of Aurora-Ai PM/M had spindle extrapoles (Figure 6a ). In PM/M simultaneously depleted of Aurora-A and ch-TOG, that percentage was strongly reduced, falling to the background level observed in control cultures (Figure 6a ). In addition, we found almost no prometaphase with spread chromosomes (Figure 6b ), a characteristic figure in Aurora-Ai cultures (see Figure 3b and Supplementary Figure 1) , and spindle length, which increases in Aurora-Adepleted mitoses (see above, Figure 1d and Supplementary Figure 1 ) was again comparable with that of control mitoses (Figure 6c) . Thus, pole fragmentation, spindle elongation and chromosome spreading, typical of Aurora-Ai prometaphases, are all rescued by codepleting ch-TOG: this, therefore, implicates a ch-TOGdependent mechanism in the generation of these defects. This, together with the observation that Aurora-A regulates ch-TOG localization at poles, suggests that Aurora-A acts upstream of ch-TOG in control of spindle pole integrity and function.
Discussion
The mitotic kinase Aurora-A is overexpressed in many types of cancer. It is important to clarify its mechanism of action in control of spindle assembly and mitotic progression to understand how its deregulated activity contributes to cell transformation. Here, we show that Aurora-A inactivation induces the appearance of mitotic spindles with supernumerary poles, associated with PCM fragmentation and increased spindle length. We also found a fraction of mitotic figures with elongated spindles and sparse chromosomes that maintain INCENP on KTs and are therefore prometaphases. Both PCM fragmentation and chromosomes spreading arise in an MT-dependent manner. The results suggest that Aurora-A depletion generates an unbalance of MT-mediated forces in prometaphase, leading to MT-dependent PCM fragmentation, which contributes to the formation of spindle extrapoles. Spindles with supernumerary poles can drive abnormal chromosome segregation: Aurora-A downregulation may therefore contribute to generating aneuploid cells, an issue worth considering when designing anticancer therapeutic protocols that inactivate the kinase (see review by Agnese et al., 2007) . The observation that the deleterious effects of Aurora-A downregulation are MT dependent is also of relevance, given that MT depolymerizing drugs are commonly used in anticancer therapies (reviewed by Weaver and Cleveland, 2005) .
We show that PCM fragmentation and formation of spindle extrapoles in Aurora-A-depleted mitoses occur only after NEB. Different scenarios, not mutually exclusive, can be envisaged to explain why this event marks the mitotic boundary after which these defects are generated: (i) until NEB chromosomes cannot contact MTs; in this light, KT-generated forces, which can only be established after NEB, would play a major role in fragmentation of the PCM (see also below); (ii) at this stage, a number of Ran-regulated MT-binding proteins are released from nuclei and can exert their function in spindle assembly (reviewed by Ciciarello et al., 2007) ; if Aurora-A modulates the activity of one such factor, then the effects of its depletion would be sensed particularly after NEB; (iii) finally, following NEB, there is a shift in the balance between MT-mediated forces, due to the differential activity of motor proteins, and to changes in the number and extent of overlap of MTs (reviewed by Sharp et al., 2000) . The present findings suggest that a motor activity specifically required after NEB is altered in Aurora-A-depleted cells, generating an unbalance of MT-mediated forces; such an activity might work antagonistically to the motor protein Eg5, a major plus-end-directed motor activity in prometaphase, because inhibiting Eg5 by the use of monastrol suppresses the extrapole phenotype (our unpublished results).
In investigating the molecular pathways underlying Aurora-A control of spindle pole integrity, we have identified a novel function of Aurora-A in regulating the association of the MT-stabilizing factor ch-TOG and the MT-depolymerizing kinesin MCAK with spindle poles. It is interesting to note that in Ran-induced spindles assembled in Xenopus extracts (in which MTs are nucleated independently of centrosome presence), a role of Aurora-A in localizing MCAK has recently been Aurora-A and spindle pole integrity M De Luca et al reported (Zhang et al., 2008) . Here, we show a hierarchical relation between these two mitotic regulators in human cells, with Aurora-A acting upstream of MCAK to modulate the localization of the latter. We also show for the first time that the pattern of ch-TOG localization is altered in Aurora-A-depleted mitoses in human cells. A link between Aurora-A and ch-TOG in human cells was suggested previously, as Aurora-A phosphorylates TACC3 and its kinase activity is required for the localization of the latter to spindle poles (Kinoshita et al., 2005; LeRoy et al., 2007) ; TACC3 is in turn necessary for ch-TOG localization to spindle MTs (Gergely et al., 2003) . Furthermore, both TACC3 and ch-TOG co-immunoprecipitate with Aurora-A in human cell extracts (Giet et al., 2002; Fielding et al., 2008) . Our observation that ch-TOG recruitment at spindle poles increases in Aurora-A-depleted cells suggests an as yet unrevealed level of complexity in the modulation by Aurora-A of the TACC3/ch-TOG complex. Aurora-A activity is known to be required for the formation of an MT-binding complex involved in Ran-induced bipolar spindle assembly in Xenopus egg extracts (Koffa et al., 2006) . Besides Aurora-A, the complex includes TPX2, HURP (hepatoma upregulated protein), Eg5 and XMAP215 (Xenopus microtubuleassociated protein of 215 kDa, the Xenopus ch-TOG). The lack of Aurora-A might affect the formation of a hypothetical homologous complex in human cells, thereby inducing unscheduled ch-TOG interactions. The accumulation of ch-TOG at spindle poles may also be a direct consequence of the lack of Aurora-A phosphorylation. The two possibilities are not mutually exclusive.
The coexistence of Aurora-Ai-induced spindle extrapoles with altered levels of ch-TOG (accumulation) and MCAK (decrease) at spindle poles was unexpected. Loss of spindle bipolarity was reported previously following either ch-TOG depletion (Gergely et al., 2003; Cassimeris and Morabito, 2004) or MCAK overexpression (Holmfeldt et al., 2005) . In Aurora-A-depleted cells, instead, quantitative levels of both factors are normal, but their association with poles is simultaneously altered, with an increase of ch-TOG and a decrease of MCAK. In Figure 7 , we schematically propose a possible mechanism that may account for all the observed phenotypes in Aurora-A-depleted mitoses. We hypothesize that the abnormal distribution of both ch-TOG and MCAK at poles alters the dynamics of MTs minus ends in Aurora-A-depleted mitoses, with a decrease of MCAK-driven depolymerization and an increase of ch-TOG-mediated stabilization. This situation likely generates a diminished depolymerization at MTs minus ends, insufficient to balance KT-generated forces directed toward the centrosome, resulting in excessive pressure at the level of the poles and PCM fragmentation. Lack of MCAK-mediated MT depolymerization at MT minus ends might also influence MT length, generating abnormally long spindles in a fraction of Aurora-Ai PM/M. It is important to stress that codepletion of ch-TOG rescues all phenotypes observed in Aurora-A-interfered cells. Therefore, we propose that Aurora-A, ch-TOG and MCAK operate in a common pathway crucial for the maintenance of spindle pole integrity. The observation that both Aurora-A and ch-TOG are overexpressed in tumors (reviewed by Gard et al., 2004; Giet et al., 2005) suggests that regulated activity of the pathway is strictly required for control of cell division. Given that defects induced by Aurora-A inactivation are mitigated by the simultaneous lack of ch-TOG, characterizing the abundance of ch-TOG in tumors might help to predict the suitability of Aurora-A inhibitors in anticancer treatment.
Materials and methods

Cell cultures
The human U-2 OS osteosarcoma cell line (ATCC: HTB-96) was grown at 37 1C in a 5% CO 2 atmosphere in Dulbecco's modified Eagle's medium, supplemented with 10% fetal bovine serum. Where indicated, NOC (0.5 mg/ml) was used for 16 h. For MT depolymerization/regrowth experiments, cells were incubated on ice for 60 min, then prewarmed media was added and cells were incubated at 37 1C for the indicated times before fixation. A GL2 siRNA duplex targeting the luciferase gene was used for control. Oligofectamine (Invitrogen, Carlsbad, CA, USA) was used as transfection reagent. Cultures were analysed 48 h after transfection. siRNAs were used at the final concentration of 80 nM (Aurora-A and GL2) and 40 nM (ch-TOG). When cotransfection of Aurora-A and ch-TOG siRNAs was performed, the final amount of siRNA oligos in control cultures (Aurora-Ai and ch-TOGi) was adjusted to 120 nM by adding GL2 oligo. The data were statistically analysed using the w 2 test when comparing frequencies and the Student's t-test when comparing the distributions of qualitative features.
Immunofluorescence Cells grown previously on coverslips were fixed using conditions synthesized in Supplementary Table I, and processed for immunofluorescence using the primary and secondary antibodies listed in Supplementary Table I . Blocking and all antibody incubations were performed at room temperature in phosphate-buffered saline/0.05% Tween 20/3% bovine serum albumin. Cells were counterstained with 4,6-diamidino-2-phenylindole (0.05 mg/ml) and mounted using Vectashield (Vector Laboratories, Burlingame, CA, USA). Samples were analysed with an Olympus AX70 microscope equipped with a CCD camera (Photometrics, Tucson, AZ, USA). Colorencoded images were acquired using IAS 2000 (Deltasistemi, Milan, Italy) and processed with Adobe Photoshop CS 8.0 or ImageJ (1.38X) softwares. Three-dimensional deconvolution and reconstruction was performed on 0.3 or 0.5-mm Z-serial optical sections using AutoDeblur 9.3 image processing program (AutoQuant Imaging Inc., Troy, NY, USA).
Immunoblotting Cells were lysed in Radio Immuno Precipitation Assay (RIPA) buffer (50 mM Tris-HCl pH 8.0, 150 mM NaCl, 1% NP40, 1 mM EGTA, 0.25% sodium deoxycholate) supplemented with protease and phosphatase inhibitors. When indicated, mitotic cells were harvested by mechanic shake-off and lysed as described above. Proteins were resolved by electrophoresis on 8 or 10% Laemmli gel, or on an 8% Anderson gel (MCAK hybridization), and transferred on a nitrocellulose membrane (Schleicher & Schuell, Keene, NH, USA) using a semidry system (Bio-Rad, Hercules, CA, USA). A total of 40 mg of extract per lane were loaded. Blocking and incubations with the antibodies listed in Supplementary Table II were performed at room temperature in phosphate-buffered saline/0.1% Tween 20/5% low-fat milk. The incubation with the ch-TOG antibody was performed at 4 1C overnight. Signals were visualized by enhanced chemiluminescence detection (ECL plus, Amersham Biosciences, Piscataway, NJ, USA, and Protein Detection System, GeneSpin, Milan, Italy).
